Tail fat is present in some breeds of sheep and they use this fat according to their energy requirements. We hypothesized that this fat deposition may interfere with the metabolism of ewes during pregnancy and lactogenesis. Hence, the present study was carried out to clarify the probable effect of tail fat on metabolic and hepatic biomarkers during different pre-and post-partum periods of fat-tailed in comparison with semifat-tailed ewes. Adult Mehraban (n = 10) and Chios (n = 10) ewes were selected and blood sampling was performed from all ewes at 2 and 4 months after mating, and 1, 2 and 3 months after parturition. Serum concentrations of glucose, total protein, albumin, globulin, aspartate aminotransferase, alanine transaminase, gamma glutamyl transferase, beta-hydroxy acid, non-esterified fatty acids, triglyceride, cholesterol, high, low and very low density lipoproteins, total, direct and indirect bilirubin were assayed in all specimens. Glucose in Chios ewes was significantly higher than in Mehraban at all the times studied. The circulating levels of aspartate aminotransferase, alanine transaminase, gamma glutamyl transferase, triglyceride, cholesterol, high, low and very low density lipoproteins, beta-hydroxy acid and non-esterified fatty acids were significantly higher in Mehraban ewes than in the Chios breed at different pre-and post parturient periods. The results of the current research revealed that metabolic and hepatic biomarkers alter during the pregnancy and lactation periods in sheep, which reflects the energy demands and metabolic alterations during these periods. Furthermore, it may be stated that the presence of tail fat in Mehraban ewes may alter the metabolic and hepatic functions in this breed. Tail fat may interfere with lipid metabolism and hepatic function during peri-parturient periods and it may be suggested that semi-fat-tailed breeds, such as Chios, may have more intensive metabolic pathways due to lower body fat storages. introduction Carbohydrate metabolism in ruminants has different characteristics compared to nonruminant animals. Dietary glucose in sheep, as a ruminant, is converted into short-chain volatile fatty acids in the rumen, and these fatty acids transfer to the liver to convert to glucose via hepatic gluconeogenesis (CHALMEH et al., 2015) . This phenomenon keeps the ruminants at lower circulating glucose levels in comparison with non-ruminants, and predisposes them to negative energy balance at different metabolic periods in which the animal's energy demands rise. In pregnant and lactating ewes, the increased energy demands are not matched with glucose produced via hepatic gluconeogenesis, so different tissues manifest a relative energy deficit (THORN et al., 2012) . This condition causes fatty acids mobilization from the adipose tissue to the liver in order to produce energy, which leads to increased levels of ketone bodies. Continuance of this condition may create different metabolic inconsistencies, such as ketosis and pregnancy toxemia (CONSTABLE et al., 2017) . Previous studies have shown that many factors, such as food intake, starvation, endocrine status, age and sex, twin bearing and cold stress, can combat normal energy metabolism in ewes and contribute to the development of a negative energy balance in these animals (DZADZOVSKI et al., 2015) . Ewes are commonly pregnant during the winter when they might be exposed to cold stress, which decreases insulin secretion and subsequently glucose utilization (SASAKI and TAKAHASHI, 1980) , and in this disturbed energy balance, circulating metabolic parameters may be changed.
A. Chalmeh et al.: Metabolic and hepatic biomarkers in Chios and Mehraban ewes longitude of 52˚ 37' E, 1810 m above sea level). The ewes were housed in open-shed barns with free access to water and shade. Rations included alfalfa hay, corn silage, wheat straw, barley grain, wheat bran, cottonseed meal, urea, calcium carbonate, common salt (NaCl) and vitamin-mineral premix (Table 1 ). All the animals were clinically healthy, had no history of debilitating disease and were free from internal and external parasites due to routine anti-parasitic programs at this farm. All ewes were 3 years-old with at least 2 successful parturitions. Pregnancy was diagnosed using a real-time ultrasound scanner equipped with a 3.5 MHz sectorial convex probe (CTS-900V, SIUI, China). The ewes were examined transabdominally in a standing position. All ewes had a single fetus and had had 2 lactation periods. We studied these ewes at 2 and 4 months after mating, and 1, 2 and 3 months after parturition. Blood sampling was performed into plain tubes from each ewe at the different times studied. Immediately after blood collection, sera were separated by centrifugation for 10 minutes at 3,000×g and stored at -22 °C until assayed. Glucose was assayed by the enzymatic (glucose oxidase) colorimetric method (ZistChems ® , Tehran, Iran). Total protein was assayed by Biuret and albumin by bromocresol green methods (PasrAzemon ® , Iran). Globulin was calculated as total protein minus albumin. Total and direct bilirubin was analyzed by the 2,4dichloroaniline photometric method (PasrAzemon ® , Iran). Indirect bilirubin was calculated as total bilirubin minus direct bilirubin. Values of serum aspartate aminotransferase (AST), alanine transaminase (ALT) and gamma glutamyltransferase (GGT) were measured with an Integra 800 auto-analyzer (Roche-Cobes, Switzerland). Beta-hydroxy acid (BHBA) and non-esterified fatty acid (NEFA) were assayed by the colorimetric method (Ranbut ® , Ireland). The sera were analyzed for cholesterol by a modified Abell-Kendall/Levey-Brodie (A-K) method (BURTIS and ASHWOOD, 1994) , triglyceride (TG) by the enzymatic procedure of McGOWAN et al. (1983) . Lipoproteins were isolated using a combination of precipitation and ultra-centrifugation. High density lipoprotein (HDL)-cholesterol was measured using the precipitation method. In the first step, the precipitation reagent (sodium phosphotungstate with magnesium chloride) was added to the serum to aggregate non-HDL lipoproteins, which were sedimented by centrifugation (10,000×g for 5 min). The residual cholesterol was then measured by the enzymatic method (BURTIS and ASHWOOD, 1994) . High density lipoprotein (LDL)-cholesterol was calculated as the difference between the total cholesterol measured in the precipitate and in the HDL fraction, minus 0.2×triglyceride (LDL = total cholesterol-HDL cholesterol-0.2×TG). Very low density lipoprotein (VLDL)-cholesterol was estimated as one-fifth of the concentration of triglycerides (FRIEDEWALD et al., 1972) .
All data are presented as mean ± standard deviation (SD). Differences between the breeds in the averages of concentrations of each parameter at similar periods were analyzed by two independent samples t-test. Repeated Measures ANOVA was used to evaluate the changing patterns of each parameter for each breed, separately, from 2 months after mating to 3 months after parturition, using SPSS software (IBM-SPSS for Windows, version 20, SPSS Inc, Chicago, IL, USA, 2011). The level of significance was set at P<0.05.
results
The circulating levels of different metabolic and hepatic indices at different pre-and post-partum periods in Mehraban compared with Chios ewes are presented in Table 2 . Glucose in Chios ewes was significantly higher than in Mehraban at all times studied (P<0.05). The circulating levels of GGT, AST, ALT, TG, cholesterol, HDL, LDL, VLDL, NEFA and BHBA in Mehraban ewes were significantly higher than in the Chios breed at different pre-and post-parturient periods (P<0.05). Total protein, albumin, globulin, total, direct and indirect bilirubin in Chios ewes showed no significant differences to the Mehraban ewes (P>0.05). Repeated Measures ANOVA showed that the changing patterns of all evaluated parameters from 2 months after mating to 3 months after parturition, were significant in both breeds studied (P<0.05). : Different letters indicate significant differences between the averages of concentrations of each parameter at similar periods between the two breeds (P<0.05).
discussion
Tail fat in some breeds of sheep is adipose tissue deposited in the hind parts of the sheep on both sides of its tail. These fats are subsequently used following energy demands similar to a camel's hump. There are different breeds of sheep which have fat depositions in their tails and some breeds are not fat-tailed. We hypothesized that this fat deposition may interfere with the metabolism of ewes during pregnancy and lactogenesis. Hence, the present study was carried out to clarify the probable effect of tail fat on metabolic and hepatic biomarkers during different the pre-and post-partum periods in fat-tailed in comparison with semi-fat-tailed ewes.
Gluconeogenesis in ruminants does not increase with increased fetal demands during pregnancy and it may cause energy deficit in maternal tissues (RAOOFI et al., 2013) . Low concentrations of serum glucose in pregnant ewes are probably the consequence of inappropriate gluconeogenesis in the liver from glucogenoplastic precursors, such as propionate, that originate from rumen fermentation. Food deprivation, which is evident in pregnant ewes due to lower gastrointestinal capacity, causes a lack of propionate precursors for glucose production (WANG et al., 2012; THORN et al., 2012) . The results of the present study showed that glucose levels at 4 months' pregnancy were higher than at other periods in both breeds (Table 2) . Serum cortisol levels at the end of pregnancy increase and enhance gluconeogenesis in ewes (CONSTABLE et al., 2017) and this may be a reason for increased glucose levels at this period (CHALMEH and HAJIMOHAMMADI, 2016) . Furthermore, circulating glucose levels in Chios ewes were significantly higher than in Mehraban ewes at all times studied (Table 2; P<0.05).
Biochemical pathways are further complicated within appropriate beta-oxidation of acetate and butyrate, leading to increased production of acetil-Co-A by hepatocytes. This product is a precursor for acetoacetyl-Co-A. Acetoacetyl-Co-A is a primordial molecule Table 2 . Circulating levels of different metabolic and hepatic indices (Mean ± SD) at different pre-and post-partum periods of Mehraban (n = 10) in comparison with Chios (n = 10) ewes (continued)
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for ketone bodies, with a strong effect on acid-base status. This molecule is converted into a very unstable molecule, acetoacetate. The reduction of acetoacetate produces BHBA, while irreversible decarboxilation of acetoacetate produces aceton molecules. Excessive concentrations of serum BHBA cannot be utilized by extrahepatic tissue, and therefore the serum level of BHBA remains high (CONSTABLE et al., 2017) . In this research, serum BHBA values at 4 months' pregnancy were higher than at other periods in both breeds ( Table 2) . BHBA is an indirect indicator of negative energy balance and the difference in BHBA concentrations between pregnant and non-pregnant ewes may be due to the decreased alimentary energy resources in pregnant sheep (DZADZOVSKI et al., 2015) . Circulating BHBA in Chios were significantly lower than in Mehraban ewes at all studied time periods (Table 2 ; P<0.05). Based on this result, it seems that Chios ewes have more ability to produce energy and combat ketotic conditions. Insufficient energy derived by carbohydrate metabolism causes lipolysis, but energy derived from free fatty acids cannot be adequately used in the Krebs cycle, because of a lack of oxalacetate, derived from glycogenic precursors. The hepatic capacity for metabolizing NEFA released from adipose tissue is overloaded. Physiologically, NEFA can be re-esterified in triglycerides which are included in the formation of VLDL for secretion in blood (CONSTABLE et al., 2017) . Sheep have a very low capacity for production of VLDL (HENZE et al., 1998) , especially breeding and non-breeding sheep compared with sheep in lactation, and thereby they are not able to produce enough VLDL in a condition of compromised lipid metabolism in hepatocytes. In that case, TG cannot be removed from hepatocytes, so it remains in the hepatocytes causing hepatic insufficiency (EMMISON et al., 1991) .
The results of the current research showed that circulating lipids at 4 months' pregnancy were higher than at other periods in the Mehraban ewes. The highest concentrations of TGs, cholesterol and LDL during late pregnancy in Mehrabans compared to the nonpregnancy periods could be explained as a consequence of the more severe negative energy balance and more difficult transport of the lipoproteins. Circulating lipid profiles in Mehraban ewes were significantly higher than in Chios at all time periods studied (Table 2; P<0.05). It may be suggested that the negative energy balance in Chios ewes is lower than in Mehrabans, furthermore, the presence of tail fat in Mehraban ewes may be considered as a factor that maintains the serum lipid profile in this breed.
Since liver has a key role in glucose production and lipid metabolism in ruminants, we hypothesized that liver functions may alter during pregnancy and lactation in ewes. Furthermore, we would have expected that hepatic functions in fat-tailed may differ from semi-fat-tailed breeds. Hence, hepatic function biomarkers were evaluated during the study.
In the present study, serum AST at 4 months' pregnancy in Mehraban ewes was higher than at other periods (Table 2) . It seems that at this period, Mehraban ewes suffered from severe liver impairment and the liver's capacity to maintain its functions decreased when compared to non-pregnant ewes. AST is a liver enzyme that enhances the process of transamination, with oxalacetate, a main metabolite in the Krebs cycle, as a final product. As a cytosol enzyme with many isoformes, it can easily pass the hepatocyte membrane, so increased serum activity of AST indicates over-loaded hepatocyte activity. Homeostatic regulatory mechanisms are disrupted because of the neuro-endocrinological requirements in the period of late gestation and lambing. This critical period in sheep is further complicated by high metabolic energy demand (GREENFIELD et al., 2000) . The increase in serum ALT, AST and GGT activities of Mehraban ewes in pregnancy indicated an increase in hepatic metabolism (Table 2) . Changes in the activities of these enzymes may be related to reduced dry matter intake around parturition, and may lead to hepatic lipidosis and alter the normal function of the liver (SERDARU et al., 2011) . All hepatic enzymes were in the normal reference ranges in both breeds (RADOSTITS et al., 2007) but the results showed that circulating hepatic enzymes in fat-tailed ewes were significantly higher than in the semi-fat-tailed breed at all studied time periods (Table 2; P<0.05). It may be stated that liver function in Chios is more potent than Mehraban to promote metabolic pathways, and hepatic damage in Chios is lower than in Mehraban.
Other indicators of liver dysfunction are serum proteins levels, especially albumin, which decrease during hepatic insufficiency (DZADZOVSKI et al., 2015) . Particularly, the serum protein fraction pattern could provide information about dehydration, plasma volume expansion and hepatic function (PICCIONE et al., 2012) . Mild dehydration of ewes appears as a result of the osmotic activity of ketone bodies, because they are very strong acids, causing a keto-acidotic condition (PICCIONE et al., 2012) . Decreased total protein and albumin during lactation in Mehraban ewes could be explained by the rapid extraction of immunoglobulin from the plasma during the last few months of pregnancy, when colostrum is being formed in the mammary gland (KANEKO et al., 2008) . In contrast, YOKUS et al. (2006) observed no significant changes in total protein levels with different reproductive status. However, KARAPEHLIVAN et al. (2007) and ANTUNOVIC et al. (2011) reported significantly high concentrations of total protein and albumin in pregnant ewes compared to not pregnant.
Bilirubin is the main bile pigment in the plasma of animals derived from hemoglobin breakdown. The icterus index, a reflection of total bilirubin level in plasma, is a tool used for disease diagnosis and prognosis (COLES, 1986) . In this investigation, there were no significant changes in the patterns of total, direct and indirect bilirubin during the study. Furthermore, there were no significant differences between the breeds at any time periods studied.
